Background: A person's meat consumption is often determined by their values and preferences.
Annals.org For author affiliations, see end of text. This article was published at Annals.org on 1 October 2019. * For members of the NutriRECS Working Group, see the Appendix, available at Annals.org. P eople need to choose from a wide range of foods on a daily basis to meet their nutritional requirements (1) . Consumption of different foods may yield both desirable and undesirable health effects (2) . In light of recent studies showing an association between consumption of unprocessed red meat and processed meat and adverse health consequences, including increased risk for cancer (3) , all-cause (4) and cardiovascular mortality (5) , and stroke (6) , dietary guidelines have generally endorsed limiting meat intake (7) (8) (9) . However, these guidelines have neglected to identify and incorporate their target populations' values and preferences on meat consumption (10 -13) , which are major influences on what foods people eat (14 -16) . Understanding people's health-related values and prefer-ences on meat consumption may improve the trustworthiness of dietary recommendations (17) .
Therefore, we conducted a systematic review addressing people's health-related values and preferences on meat consumption. This review was done as part of Nutritional Recommendations and Accessible Evidence Summaries Composed of Systematic Reviews (NutriRECS), an initiative that aims to develop trustworthy nutritional recommendations (18) . We performed 4 parallel systematic reviews addressing the following: experimental (19) and observational evidence (20) on the effect of red and processed meat on cancer and cardiometabolic outcomes, observational studies on the effect of red and processed meat on cancer outcomes (21) , and the effect of varying red and processed meat dietary patterns on cardiometabolic and cancer outcomes (22) . On the basis of these reviews, we developed recommendations for red and processed meat and health outcomes (23) .
Data Extraction and Quality Assessment
We used 2 ad hoc data extraction forms for quantitative and qualitative research ( Supplement Tables 2  and 3 , available at Annals.org). After calibration exercises similar to the ones described earlier, teams of reviewers independently abstracted information from each study, including study identification, objectives or research questions, population characteristics, design and methods, risk of bias or methodological limitations, and findings. In cases of disagreement, reviewers reached consensus with assistance from a third reviewer.
For quantitative studies, we used an adapted version of the GRADE (Grading of Recommendations Assessment, Development and Evaluation) approach to assess risk of bias of studies on importance of outcomes or values and preferences (26) . We considered 5 items grouped in 3 domains: selection of participants, missing outcome data, and measurement instruments' validity. We rated studies as having high risk of bias if the measurement instrument was not validated or was unclear, and as having moderate risk if it was validated but 2 or more items had high risk of bias. For qualitative studies, we used the Critical Appraisal Skills Programme qualitative research checklist, which consists of the following items: aim of the research, qualitative methodology appropriateness, research design, appropriate recruitment strategy, data collection, investigator and participants' relationship, ethical issues, data analysis, findings, and value of the research (27) . We rated studies as having "serious methodological limitations" if more than 2 items had serious concerns and as having "moderate methodological limitations" if they had 2 items with serious concerns. Reviewers independently assessed risk of bias or methodological limitations. In cases of disagreement, reviewers reached consensus with assistance from a third reviewer.
Data Synthesis and Analysis
We synthesized results from studies using a 4-step approach that involved simultaneous quantitative and qualitative data collection and analysis. First, we selected 2 to 3 eligible articles per study design, identified key themes, and coded them in categories. Second, we used these categories to design ad hoc data extraction forms. Third, using an iterative process, we compared the key themes of the categories identified across all studies and developed analytic themes. Fourth, we applied the critical meta-narrative synthesis to transform the quantitative data into qualitative data (28, 29) . For the last step, we used 4 systematic profiles and several critical questions to extract the identified narratives and to guide our synthesis of data (Supplement Table 4 , available at Annals.org).
We synthesized and narratively reported the findings according to participants' meat consumption. We defined those who consumed meat as omnivores and analyzed them separately from persons who typically avoided meat, whom we defined as vegetarians, including lacto-ovo vegetarians or low-meat consumers.
For quantitative studies, we assessed the certainty of evidence for each review finding according to GRADE domains (risk of bias, imprecision, inconsistency, indirectness, and publication bias) (30, 31) . For qualitative studies, we assessed the certainty of evidence according to GRADE-CERQual (Confidence in the Evidence from Reviews of Qualitative Research) domains (methodological limitations, relevance, coherence, and adequacy) (32) .
Findings were initially considered as high certainty and were downgraded (from high to very low) by 1 or more levels if serious or several minor or moderate concerns were detected in 1 or more domains.
Role of the Funding Source
The study received no funding.
RESULTS
The search yielded 19 172 articles, of which 456 were deemed potentially eligible on the basis of title and abstract. We excluded 402 studies (Supplement Table 5 , available at Annals.org). After full-text appraisal, we included 41 quantitative (33-73) and 13 qualitative studies (74 -86) . The Figure presents the flow diagram with the search results and selection of studies. Table 1 presents the characteristics of the 54 included studies. Of the 41 quantitative studies, 21 were done in Europe, 11 in the United States, 7 in Australia, 1 in Canada, and 1 in New Zealand. Eighteen studies were done between 1988 and 2009, and 23 were done between 2011 and 2019. Of the 13 qualitative studies, 7 were done in Europe, 3 in the United States, and 3 in Australia. Six were done between 1991 and 2010, and 7 were done between 2011 and 2018. The number of participants ranged from 100 to 22 935 (aged 18 to >65 years) in the quantitative studies and from 19 to 460 (aged 16 to >75 years) in the qualitative studies. Among the included studies, 41 reported data on meat in general, 6 reported data on both meat in general and red meat, and 7 reported data on red meat only.
Study Characteristics

Findings
We identified 2 main themes: reasons for meat consumption (38 quantitative [62 963 participants] and 10 qualitative [419 participants]) and willingness to reduce meat consumption in the face of undesirable health effects (5 quantitative [8983 participants] and 4 qualitative [616 participants]). Table 2 shows the main findings and their certainty (Supplement Tables 6 and 7, available at Annals.org). Of the quantitative studies, 23 of 38 (60.5%) reporting "reason for meat consumption" and 5 of 5 (100%) reporting "willingness to reduce meat consumption in the face of undesirable health effects" were assessed as having high risk of bias due to lack of validation of the measurement instruments (Supplement Table 8 , available at Annals.org). Of the qualitative studies, 1 of 12 (8.3%) reporting "reason for meat consumption" had serious methodological limitations due to lack of reporting of the investigator and participants' relationship, lack of detail about the data analysis process, and unclear reporting of findings (Supplement Table 9 , available at Annals.org).
Reasons for Meat Consumption
Quantitative Studies
Nineteen studies reported on reasons for omnivores' meat consumption (35, 38, 42, 45-47, 56 -59, 65-73) . Most consumed meat because they enjoyed it (38, 46, 56 -59, 65, 66, 71) , they perceived it as being part of a complete and healthy diet (38, 42, 47, 56 -59, 65, 66, 68 -73) , and they considered it part of their culture (58, 71) . In addition, lack of food alternatives and lack of cooking skills to prepare a tasty dish without meat were often reported as barriers to reducing meat consumption (38, 45, 59, 65, 69) .
Ten studies reported that, overall, men had a more positive attitude toward meat consumption than women (34 -36, 38, 51, 52, 65, 66, 68, 69) and that they considered meat as part of a healthy diet and their culture (36, 38, 48, 69) . Women were substantially more concerned about health consequences (34, 36, 38, 51, 65, 66) and more frequently avoided eating meat because of health and ethical concerns (34, 40, 52) . Three studies reported inconsistent results on how elderly persons value meat consumption (51, 65, 66) . In 2 studies, these persons noted potential undesirable health consequences (51) and the presence of diet-related diseases (66) as important reasons to reduce meat consumption. Another study, however, reported that older people were no more concerned about health than younger people, with both groups believing that meat was necessary for maintaining health (65) .
Seventeen studies reported on reasons for avoiding meat among vegetarians or low-meat consumers. All participants reported health (for example, risk for cancer, heart diseases) as 1 of the main reasons for avoiding meat (37-39, 41, 43, 45, 46, 49 -51, 54, 55, 60 -63, 67) . Other reasons for avoiding meat included animal welfare or environmental concerns (37, 43, 46, 51, 54, 55, 60 -63, 67, 69) .
The overall certainty of the evidence was rated as low because 20 of 38 (53%) studies proved to be at high risk of bias due to lack of validation of the measurement instruments and likely selectivity of study populations.
Qualitative Studies
Three studies reported on the reasons omnivores consume meat (74, 77, 83) : enjoyment (74, 77) , the perception that meat was part of a healthy diet (74, 77, 83) , and the belief that it was part of their culture (77) . Lack of food alternatives and cooking skills to prepare a tasty dish without meat were often mentioned as barriers to reducing consumption (74, 77) .
Two studies reported that older people believe that aging is associated with a decline in food intake and thus a reduction in meat consumption, with a particular focus on red meat (76, 84). Many elderly participants viewed fish as a healthier alternative to red meat and were aiming to regularly incorporate fish into their diet (76). Most older people believed that people ate too much meat and that it was the cause of the increase Low: Risk of bias and indirectness For many vegetarians, health concern was the primary motivation to stop eating meat Qualitative (73-75, 78, 81, 85) Low: Minor methodological limitations, minor relevance and adequacy concerns and limited information on the data analysis process Willingness to change meat consumption in the face of undesirable health effects Most omnivores reported low willingness to reduce meat consumption Quantitative (36, 42, 44, 53, 64) Low: Risk of bias and indirectness Qualitative (77, 79, 80, 86) Low: Minor methodological limitations, moderate concerns about relevance, minor adequacy concerns and limited information on the data analysis process in the frequency of cancer, high blood pressure, diabetes, and heart disease (84) . Six studies explored reasons for avoiding meat among vegetarians and low-meat consumers and suggested that motivations for vegetarianism and meat avoidance vary and change over time (81, 85) . Persons might initially avoid meat because of 1 motivation or concern (for example, health) and later integrate other beliefs or reasons to support their behavior (for example, animal welfare and environmental concerns) (78, 82) . For many vegetarians, concern about health (for example, to avoid genetic health problems, such as heart disease) was the primary motivation to stop eating meat, but ethical concerns (for example, animal welfare) were also often reported as a major reason (73-75, 78, 81, 85) .
The overall certainty of the evidence was rated as low because of methodological limitations due to lack of reporting of the investigator and participants' relationship (8 of 10 [80%] studies), limited information on the data analysis process and the likely selectivity of study populations (3 of 10 [30%] studies), and adequacy concerns (small number of participants).
Willingness to Change Meat Consumption in the Face of Health Concerns
Quantitative Studies
Five studies evaluated willingness to change meat consumption when faced with health concerns (36, 42, 44, 53, 64) . One study provided participants with a World Health Organization report on the risk for colorectal cancer associated with red meat consumption (42) . Another study provided participants with a fictional newspaper article reporting potentially undesirable health effects of meat consumption, including risk for stroke, heart attack, diabetes, and cancer (36) . In both studies, most participants reported that they would not reduce meat consumption in the future, partially because they mistrusted the information provided (36, 42) . In 1 study, many of the participants believed additives used in the production process were the real health problem rather than the meat consumption itself (42) . Men attached greater importance to possible barriers for reducing meat consumption, considering it as part of a healthy diet and their culture, whereas most women expressed environmental concerns and animal welfare as motivations for reducing meat consumption (36) .
Two additional studies asked participants what changes they would make to improve or maintain their health, and meat reduction was not among the most frequently reported; other dietary or lifestyle changes, such as exercise or eating more fruits and vegetables, were, among 10 options, selected more often (44, 53) . One study that asked what future changes participants would make specifically regarding meat consumption found that most, especially men, had no intention of changing meat consumption (64) . Many participants already believed that they had reduced their meat consumption in the past and did not plan any further reductions (64) .
The overall certainty of the evidence was rated as low because all studies proved to be at high risk of bias due to lack of validation of the measurement instruments, and for indirectness because 3 of 5 (60%) studies did not inform participants about the undesirable health effects of meat consumption and the likely selectivity of populations.
Qualitative Studies
Four studies evaluated willingness to change meat consumption in the face of health concerns (77, 79, 80, 86) . Two studies asked participants how they perceived the possibility of changing meat consumption habits to minimize undesirable health effects. Most participants reported that they would not reduce consumption (79, 80) . One study asked participants their opinion about consumption of fewer animal-derived products and consuming more plant-based foods. Participants were concerned about reducing meat consumption because they perceived meat as an important component of a healthy diet (77) . Reasons participants reported not desiring to change consumption included belief that they already ate small quantities and did not need to reduce further (this reason was more frequently cited when discussing reduction of red meat than other types of meat) (80) , that they had already reduced meat consumption in the past (80) , that the consequences of meat consumption were trivial compared with other behaviors (for example, smoking tobacco) (79, 80) , and that they did not trust the available scientific information (79) . In another study, participants were presented with nutritional information about lamb meat and then asked about their future meat consumption intentions. Most participants believed they would continue with their current consumption, with the most common reasons being the belief that they needed protein and the enjoyment of eating meat (86) .
The overall certainty of the evidence was rated as low because of methodological limitations due to lack of reporting of the investigator and participants' relationship (3 of 4 [75%] studies), because of concerns in relevance due to not informing participants about the undesirable health effects of meat consumption and the likely selectivity of populations (4 of 4 [100%] studies), and because of adequacy concerns (small number of participants).
DISCUSSION
Key findings from our systematic review include the reasons omnivores consume meat: They consider meat an essential component of a healthy diet, they enjoy eating meat, they feel that meat is a part of their traditions, and they believe they lack the knowledge and cooking skills to prepare an adequate meal without meat. Study participants' willingness to change meat consumption in response to health concerns is generally low. Our findings were consistent across the 2 bodies of evidence (quantitative and qualitative research). The overall certainty of evidence was low, predomi-Health-Related Values and Preferences Regarding Meat Consumption REVIEW nantly because of risk of bias or methodological limitations, lack of validation of the questionnaires, issues of indirectness or relevance, and issues of adequacy.
Strengths of this review include explicit eligibility criteria, an extensive search, and duplicate assessment of eligibility and risk of bias or methodological limitations. The use of 2 complementary bodies of evidence (mixed-methods) and the use of the GRADE approach to assess the certainty of the evidence allowed greater confidence in the interpretation of results (87) .
This study also has limitations. We included studies done only in Europe, Australia, Canada, the United States, and New Zealand, reflecting food values and preferences of populations living in high-income countries. Therefore, we cannot generalize these findings to other populations. In addition, the studies reporting willingness to reduce meat consumption in the face of health concerns did not provide participants with sufficient information about the certainty of the evidence, nor about the effect meat consumption has on health. Studies failed to consistently report participants' socioeconomic status, educational level, and religious beliefs, precluding exploration of the effect of these characteristics on dietary values and preferences. Another limitation is related to the applicability of our results to the NutriRECS red meat recommendation because most of the included studies do not focus on red or processed meat, but rather meat in general. Finally, our systematic review focuses only on the influence of health effects and does not address other reasons that influence meat consumption, such as animal welfare and environmental concerns.
We performed a search of MEDLINE through June 2019 to identify relevant previous reviews. More recent study results are consistent with those of earlier studies: During the past 2 decades, omnivores have remained highly attached to meat, and willingness to change consumption has remained generally low (88, 89) . Regarding prior systematic reviews, 1 review evaluated omnivores' perceptions and behaviors regarding protein consumption in general and not red meat in particular (88) . That systematic review concluded that omnivores' willingness to change consumption in terms of reducing or substituting meat (for example, by eating insects or meat substitutes) is low. One recent narrative review evaluated psychological aspects of meat consumption in general and concluded that eating meat is entrenched in Western culture (89) , which is consistent with our findings. Other existing narrative reviews explored motivations for consuming or avoiding meat and suggested, in keeping with our results, that the reasons for consuming meat are complex and diverse and may vary according to age and sex (90, 91) .
Our findings have direct implications for stakeholders making both public health and clinical nutritional recommendations. Our results highlight the inappropriateness of assuming that informed persons would choose to reduce meat consumption on the basis of small and distant health benefits, particularly if the benefits are uncertain (10, 92) . The results suggest that it may be similarly inappropriate to assume that informed persons would choose to modify their preferred diet in other ways on the basis of small and uncertain health benefits. However, studies generally did not present the possible adverse health consequences of meat consumption in ways that captured the current evidence and its uncertainty. Optimal insight into people's values and preferences, and in particular into willingness to reduce meat consumption, requires such a presentation. Subsequent research should address this issue.
